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Land degradation in Ethiopia
• Among highest soil erosion rates, 
degradation of cropland and 
rangelands
• Climate change will worsen situation 
• Livestock part of the problem, but can 
also be part of the solution through 
pastures and forages
• Intensifying livestock production, 
thereby keeping livestock out of 
exclosures
• Improved forages can protect soils and 
increase SOC, fix nitrogen
Agro-ecological and socio-economic diversity 
• Heterogenous agro-
ecologies even within 
relatively small geographies
• Scarce land and small farms
• Mosaic of various food and 
feed crops corresponding to 
the farmers’ endowment 
and objectives 
• New technologies: no one 
size fits all!
Forage integration into cropping systems
Fitting forages with farmers
• Which forage species for which objective? Impacts 
differ e.g. soil conservation vs. livestock productivity
• Different species have different traits
• The right match can increase acceptability and 
adoptability 
Impacts and trade-offs – the bigger picture  
• Governments, donors and development actors looking for 
information impacts and trade-offs that can guide 
investments at the nexus of livestock and land restoration
• SDG 2 (zero hunger), SDG 13 (climate action), SDG 15 (life on 
land)
• Ethiopian Sustainable Land Management Programme (SLMP)
• Climate Resilient Green Economy, aiming to make Ethiopia a 
lower middle-income country by 2025 while reducing net 
GHG emissions by 64% by 2030 
• Livestock Master Plan 
Land restoration programs and technologies
Abera et al. (2019). Land Degradation and Development. 
https://onlinelibrary.wiley.com/doi/10.1002/ldr.3424
- Livestock is related to biological and exclosures
- Technologies work, but incentives for farmers?
- Improved forages on bunds and as incentive to 
respect exclosures…yet unexploited
Relevant project objectives
3. Recommend grassland mixtures that are climate 
resilient and preferred by smallholder farmers under 
heterogeneous production environments 
4. Assess the potential of grassland mixtures to create 
synergetic benefits between livelihoods and landscape 
restoration 
Work package 3
• Interdisciplinary, mixed methods and participatory approach
• Brings tested species from WP1 and WP2 to the farms to test farming system 
integration and farmers’ preferences 
• Research question: Which promising grassland mixtures are robust across various 
agro-ecologies and farming systems and preferred by farmers, and which 
synergies and trade-offs at household and landscape level can be expected? 
• Hypotheses 
• Large-scale farmer-led testing will reveal robust grassland traits, species and mixtures that 
might differ from recommendations emerging from controlled experimentation 
• Data generated through citizen science can reveal insights into farmer-preferred traits and 
gender-specific differences that are determinants for technology adoption 
• Integration of grassland mixtures into farming systems and landscapes results in varying 
synergies and trade-offs between livelihood objectives and ecosystem service delivery, 
depending on agro-ecology and production system 
Activities - 1 
Tricot technology testing led by 600 smallholder farmers 
- We will evaluate the ten best-bet forage varieties and their mixes identified from Activity 
1.2 with 600 farmers in both regions across two planting seasons to identify the most 
climate robust, productive and soil-protecting technologies under smallholders’ marginal 
and heterogeneous production environments. 
- Farmers will be selected on an agro-ecological transect to cover existing diversity. We 
follow the tricot approach as outlined in van Etten et al. (2019) and Steinke et al. (2017), 
which relies on on-farm, blind, triadic comparisons of technologies. The farmers receive 
different combinations of three randomly assigned technologies from a set of ten 
grassland species or species mixtures, and test and observe their performance under 
farm conditions. Blindness reduces bias as received technologies are only revealed after 
completing the farmer-led testing. 
- We will collaborate with the extension services under the Ministry of Agriculture in both 
regions to train farmers, distribute the technology packages and register contact details. 
Activities - 2
Identification of robust grassland species and mixtures across various 
agro-ecologies through citizen science
- Data is generated by asking the 600 participating farmers to rank the received varieties along 
three questions. Since the combinations of three technologies overlap (ranking of incomplete 
blocks of three options), statistical methods can piece together the overall performance ranking 
of the complete pool of technologies. 
- Evaluation and feedback are collected individually by different households and can therefore 
reveal how household agroecological and socioeconomic heterogeneity influences technology 
preferences. The data will also reveal insights into gender dynamics related to the adoption of 
grassland mixtures. The tricot approach with data collected from a large amount of N has shown 
to improve variety recommendations in terms of climate robustness, reduced risk and geographic 
extrapolation (van Etten et al., 2019). 
- We will rely on seamless digital support for the entire process including experimental design, data 
collection, and reporting, given by the freely available ClimMob software. ClimMob provides 
direct support for data collection by field agents using ODK Collect on Android phones. To 
facilitate self-reporting by farmers, a new ClimMob module will offer them the option to report 
through SMS and voice. Further, we will standardize data formats by using ontologies to facilitate 
the reuse of both the tools and the resulting data. 
Activities – 3 
Synergies and trade-offs of technology adoption across household 
and landscape scales 
- Household level synergies and trade-offs between livelihood and environmental objectives will be 
assessed using whole-farm, bio-economic models such as FarmDESIGN that can reveal and 
explore impacts across smallholder livestock farming systems (Paul et al., 2019). 
- The InVEST model estimates ecosystem service delivery, trade-offs and synergies of technology 
adoption at landscape level, including accumulated carbon sequestration potential, sediment and 
nutrient retention, and grassland biomass yield (Sharp et al. 2014). 
- To calibrate and employ these models and perform cross-scale trade-off analysis, we will integrate 
biophysical data from WP1 and WP2, tricot data and insights from activities 3.1 and 3.2 on 
farmers’ gender-specific preferences, and newly collected household surveys with high resolution 
remote sensing co-variates (from Sentinel) such as climatic, soil, land use and topographic data. 
- GIS analysis will also indicate woredas within SNNPR and Amhara regions that are similar to our 
project sites in terms of agro-ecology and are therefore suitable for outscaling of the identified 
technologies. 
- By synthesizing data from experiment, farm and landscape scales and by coupling results across 
scales, the project will generate direct evidence to guide and target investment in sustainable 
intensification of crop-livestock systems and land restoration.
Participatory on-farm research and citizen science
• Participatory research has a long history but still 
not mainstream
• Selection based on how farmer experiences 
technology or practice, resulting in locally adapted 
solutions that fit farmers’ conditions and 
capacities 
• Aim is to increase efficiency, effectiveness and 
foster empowerment and sustainability -> higher 
adoption potential




• Helps farmers identify 
resilient and locally adapted 
crop varieties through mobile 
crowdsourced data collection
• Help scientist implement 
massive on-farm trials using 
mobile data collection
https://climmob.net/climmob3
Crowdsourced (from on-station to on-farm)
Traditional approach for testing 
and disseminating varieties. 
On-station On-farm
Less common. Farmers test 
varieties based on their 
conditions and capacities
Tricot approach
• In a trial you can test many 
varieties (e.g., 20) but one 
farmer only test 3
• Each farmer receives a 
package containing the 
material as A,B,C
• Blind testing
Ranking (from numbers to perceptions)
• Size of the plant
• Yield in kg/ha
• Flowering date
The numerical approach The perception approach
• In terms of size which one is 
bigger? Which one is shorter?
• Which one gave you most 
yield? Which one least yield?




• Open source. Programmed in Python with 
MySQL as DB Backend
• Data collection using ODK
• Rich API that allow 3rd party integration
• Extensible
• Collect data using USSD (*123#)
• Collect data using voice
• Analysis and reports using R
• In collaboration with Stats4SD
ClimMob
Challenges
• No numbers no scientific
• Incomplete blocks
• Sourcing the material for 
large number of participants
• Distribution of material
• Reaching farmers in remote 
areas for monitoring the trial
Timeline
WP3 Birthe K. Paul, Alliance/CIAT, Postdoc (NIBIO), W. Abera (Alliance/CIAT), J. Van Etten (Alliance/Bioversity)
3.1 Identification of 10 best-bet grassland species and mixes and design of tricot experiment
Training of extension officers, and dissemination of technology packages to 600 farmers, contact registration
3.2 Recruiting NIBIO postdoc
Data collection/generation through farmer self-reporting and ranking  
Data analysis to reveal agroecological adaptation and robustness, and farmers' gender-specific preferences
Paper 6: Citizen science approach to identify robust and farmer-prefered grassland technologies in Ethiopia
3.3 Integrate newly collected household survey data with biophysical data (WP1-2), tricot data (WP3) and remote sensing data
Calibrate bio-economic household and landscape level models to perform cross-scale trade-off analysis
GIS analysis to reveal outscaling woredas that are similar to project sites in terms of agro-ecology
Paper 7: Potential impacts and trade-offs of grassland mixtures across household and landscape scales in Ethiopia
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